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BBEJAEHHE

CrieruanbHbBIe TPAHUIBI MEXKAY KPUCTAJUTUTAMU
BBIJIENIAIOTCS U3 BCEH COBOKYITHOCTH MEXKPHCTAI-
JUTHBIX TPAHMUII, IPEXKJIE BCETO, U3-32 MX MOBBIIICH-
HOH YCTOMYMBOCTH, YTO CBSI3aHO C MX MOHM)XEHHOH
sHepruei. HTepec K 3TUM TpaHULaM IPOAOIIKAET-
Csl OT TEPBBIX pabOT MIECTUIECATHIX TOJOB MPOIILIO-
ro Beka [2-6] mo HacTosimee Bpems [7—17]. Baxxapim
HanpaBJICHUEM, CBS3aHHBIM CO 3HAHUSMHU B 001aCTH
CTPYKTYPBI I CBOMCTB MEXKPHUCTAITUTHBIX TPAHUII U
BO3HUKIIIUM B TIOCJICTHUE JBA ACCATUICTUS, SIBISICTCS
LIeJICHANPABIEHHOE IIPUTOTOBJICHUE TIOIMKPUCTAILIIOB,
AMEIOIINX 33JJaHHYI0 TEOMETPHIO Pa3MEIICHUS OT/Ie-
JTBHBIX KPUCTALTUTOB M MEXKKPHUCTAJUIUTHBIX TPAHUIT
(Grain Boundary Engineering) xak B TpexMepHBIX [ 18,
19], Tak u B tuieHOUHBIX 00pa3iax [20]. Hanex e Ha
yCIIeX B PEIIeHUH 3THUX 3a7ad OCHOBAHBI Ha CYIIECT-
BEHHOM Pa3BUTHUH METOIOB HAIPaBICHHON KpHCTa-
JIM3AIiH, B YACTHOCTH, B HAHOPa3MEPHBIX MaTepHraax
[19]. IToaTOMy cnemyeT monaraTh, 9TO HCCIICIOBAHNE
CTPOCHUS T'PAHUI U MX COBOKYITHOCTH B IIOJIMKPHCTAII-
JTMYECKUX 00pa3iax sBISETCS aKTyalbHbIM. B mpenbi-
Iyiieit padote aBTopoB [1] ObuTa pa3BUTa METOIMKA,
TO3BOJISTIONIAS KIIACCH(UIIMPOBATH COBOKYITHOCTD CITe-
[AAJTHHBIX TPAHUI] B KPUCTAJUIAX, IMEIOIIHUX IIPOCTYIO
KyOM4ecKyro pemietky. B Hacrosmeit padore aHao-
rugHas 3amada pemraercs mist OIK u 'K kpucran-
JIOB, YKa3bIBAIOTCS yCIIOBHSI (JOPMHUPOBAHUS PEIICTOK
COBIIAJIEHNS Pa3NIUYHBIX CHHTOHUN W COBOKYITHOCTH
MapamMeTpoOB Pa30PUEHTANNH KPUCTAJUIUTOB, UMEIO-
[IMX OOMIYIO PEUIETKY COBIIAAIOIINX Y3JIOB.

PE3VYJIBTATBI U UX OBCYXKJIEHHUE

Omnepanyst TOBOPOTA TBEPIOTO TEJIa 0XapaKTepH-
3yeTcs Bektopamu B, B u A [1]. 3neck BekTopsl B,
B sBisorcs PEIICTOYHBIMU BEKTOPAMH, MPUHAJIJIC-
JKaIIUMU 001Iel KOOPAWHAIIMOHHOH cepe U TOTOMY
MMCIOIHE OJMHAKOBBIC JUIMHEL. Bekrop A ABIIACTCS
OCBIO BpallleHNs], IEpeBOAAIEro B, B B. BekTopk! B,
u B BBEIOHPAIOTCS POU3BOJIEHO, @ BEKTOP A nexur B
KPHUCTaJLIOrPaUIECKOM IIOCKOCTH, IIEPHICHAUKYILSP-
Hol BekTopy B — B,,. Takas IIIOCKOCTB ONPENEIIeTCs
0a3MCHBIMU BEKTOPAMHU:

F=| BB, |.P,=B+B, (1)

OtmerumM, 4T0 I_’; COBIIA/IAET T10 HATIPABJIEHHUIO C BEK-
TOPOM 00PATHOI PELICTKH, IOCTPOCHHBIM Ha BEKTOPax
B u B, P, nexxut Ha OUCCEKTpHCe STUX BEKTOpoB. [1oc-
nte nposexenus onepauuii (1) B, = md, + m,d, + myas,
BO3MOXKHO, CJIEIYET COKPATUTh PE3YJIbTAT, TaK, YTOObI
BEKTOPBI f’l u 132 CTaJIl MUHUMAJIbHBIMH PELIETOYHbI-
MU BekTopamu. COBOKYITHOCTh BCEX OCEW BpalleHHs
OIIPEAEIAETCS BEIPAKEHUEM:

—

pE+p,P, 2)
TAe p,, P, — UCIbIE U MOJYLEIbIE YUCIIA, BBIOOP KOTO-
PBIX MO3BOJIAET OTHO3HAYHO ONPEACIUTH BEKTOP A.
'Yromn moBopoTa ¢ onpeAeIsieTes CaenyIomnei ¢pop-
MyJso# g cos ¢ [1]:
(B,B)A* — (AB)’
B A2 _(Zé)z i 3)
B=nb, +n,b, +nb,, (4)

cos(p) =
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TJIE 71, M, — UEJIBIC YUCIIA JUIS IPUMHTUBHON KyOuyec-
KOW peLIeTKH U eNble U TOoTyLenble st 00beMHO- U
IPaHELICHTPUPOBAHHOMN, & d,— BEKTOpA SYECK ITHUX
KPUCTAILTHYECKUX PEIIETOK. B namem cirydae BeKTo-
pa a 6yL[yT COBIIAIaTh MO HANpPAaBJICHUSAM C OPTaMHU

i,/ k JIEKapTOBOM CUCTEMBI KOOPIUHAT U BBIPAKaTh-
s Yepe3 HUX CICLYIOIM 00pa3oM:

a,=ai,a, =aj,a, =ak, (5

e a — JuTiHa pedpa KyOMdecKo# siMeKy, B TalbHekH-
1reM oHa OyJeT CUMTaThes paBHOM 1.

B kadecTBe TpETHETO BEKTOPA PEIIETKN COBIIA IE-
HUI BEIOEpEM BEKTOP:

5:[2&] (6)
3Hast BEKTOp C , MOXKHO 3aIicarh YMCIIO aTOMOB

2 B SiYEHKE PELIETKU COBIAJCHUMN:
T =BAC =BA* - (4B)". (7)

Yucino nap kpucTayuiorpagiuecKux BEKTOPOB, KO-
TOpBIE MOYKHO COBMECTHUTH IIyTEM IIOBOPOTA, 337a€TCs
KOJIMYECTBOM Y3JI0B B KOOPIMHALIMOHHOM cdepe, K Ko-
TOPOM OTHOCSTCS Ha4YaJIbHBII U KOHEUHBII BEKTOPHI.

B pabore [1] mocTpoeHa cucTeMaTHka peLieToK
COBMAJIEHUH TSI CIydasi MPUMHUTHBHON KyOMUYecKon
pEIIETKH U PacCMOTPEHbI UX pa3INYHbIE BapHAHTHI.
[Toka3zano, 4T0 B 00ILIEM ciydae pelIeTKa cOBHaze-
Hull OyneT UMeThb MOHOKJIMHHYIO CHHTOHMIO, U yKa-
3aHbl HEKOTOPBIE YAaCTHBIE CIIy4aH, KOrna penieTka
COBIAJAIOLINX Y3JI0B MOXET 00ja1arh 0oiee BBICO-
KO CHUMMETpHEH: OpTOpOMOMUYECKOH, TeTparoHalb-
HOH Wi KyOMdecKoii.

B Hacrosieit pabote copMyIupoBaHbl yCI0BUS
MOJTy4EHHS TETPAaroHaJIbHON U KyOM4EeCKOH CTPYKTYP.
[Tyctb BexTOpHI Bu ]§0 MEPIIEHANKYIISPHBI U TPUHA-
JUIeXaT OJHOM KOOpAMHALMOHHOHW cdepe, cienoBa-
TEJIHHO, UX KOMITOHEHTHI MOXHO 3aICaTh ABYMs pa3-
HBIMH CIIOCOOaMMU:

B, =[lmn), B =[min, B, =[Imn],B =[mnl ]. (8)

PaccMmoTpum nepBblii ciayyail, A1 HETO YCIOBHEM
HEPIEeHAUKYISPHOCTH B u B, Oyler paBeHCTBO:
2ml=n". 9)
[Mycte m = 2k*, 1=s", Torma n MIPUHUMAET 3HA-
yeHue 2ks, e k u s — MPOU3BOJIBHBIE TIOJIOKHUTEb-
HBIE [ienble yrcia. Torna ceMencTBO BEKTOpoB Bu B,
MOXHO NPEJICTABUTH B BI/I,I[e'

B,=[s"2k* 2ks |, B=[2k’,s*,~2ks]. (10)

BriOupas paznuyHble 3HaYEHUS K U S, MBI HAX0-
JIM pa3nuyaHble 3HadeHust A 1 C' 1 BBIOMpaeM U3 HAX
T€, KOTOPBIE YAOBIETBOPSIOT YCIOBUSM TETParoHalb-

HOM CTPYKTYPBI (|§| =|6‘| Wi |§|= |Z| ) wiu Kyoudec-
woit (| Bl =|cl =1 4]).

Paccmorpum BTOpOil citydail, Al HETO YCIIOBH-
€M NEPIEeHAUKYIAPHOCTH B 1 B, OyaeT paBeHCTBO:
Im+ mn = nl , 13 KOTOPOTO BEIpAKAEM:

__im_ ) (11)
I—m
IMonoxuMm [ =m~+k,a m=ks,Torqan = s(ks+k).
Orcioza, Bektopa B, u B mociie orGpachBarms of1ie-
IO MHOXHTEJS IPUHUMAIOT CIEAYIOIINN BHI:
§0 = [s +1,s,s(s +1)], B= [s,s(s +1),—(s +1)]. (12)
3TO CBUAETENBCTBYET O CYIIECTBOBAHUH OIHOTIA-
PaMeTpUIECKOro CeMelcTBa BEKTOPOB EO u B, xoto-
pBIe TIOPOXKAAIOT B OOLIEM Cilydae TETParoHalbHYIO
PELIETKY COBHAJAIOIINX y3JI0B.
IIpuBenem Hmxe Tabm. 1, comepikamiyro mpuMe-
PBI TETparoHaJIbHON M KyOMUYECKOH CTPYKTYp pele-
TOK COBIIAICHUH, IMEIOIINX HAaUMEHbIIINE BETUIUHBI
MOCTOSTHHBIX PEIICTOK.
Pacemorpum OLIK pemierky. Bo3sMeM BekTOp EO
B BHJIE:

By=[l+1/2,m+1/2,n+1/2] (13)

Bekrop B OyZeT UMeTh TaKue K& KOMITOHEHTBI, KO-
TOpBIE TMEPECTABICHBl MECTAMH U MOTYT UMETH MPO-
THUBOTIOJIOJKHBIN 3HaK. B obmewm cirywae OyzmeT omarThb
IOJIy4aTbCss MOHOKJIMHHAS CTPYKTYPA PELIETKU COB-
najgaromux y3yioB. OQHAKO B 3TOM Cilydae BEKTO-
pa 9TOH pemeTKH OyayT MMETh MOTyLeble WU Le-
Jble KOMIIOHEHTHI. Bo3bMeM Ui puMepa BEKTOP

= 11 S | 131
B, = [E__} a BeKTOp B= 3 . Onpenensiem

222 222

222
BHJI BEKTOpA ;1 =[p,- P P =Pos2pt p,]- Eemn

B3ATH p, = p, =1, 10 Bektop A=[001], W, 3025 A 1

B s onpez[enﬂeM C = [3 10]. Yca0BUS 1 METOIUKA OII-
pexaeneHus OpTOpOMONIECKONH CTPYKTYPHI PEIIeTKH
COBIAJCHUM TaKHe ke, YTO U B CiIydae MPUMUTHUBHOMN
pemetku. [IpuBeneM Hike Ta0J. 2 IPUMEPOB I MO-
HOKJIMHHOW M OPTOPOMOUYECKOU CTPYKTYp pelieT-
k1 coBnageHuil B ciayyae OLIK pemreTkn ucxoaHoro
KpUcTaia.

[Ipoanamusupyem ciydait I'TIK pemerku. Bo3b-
MEM BEKTOpP EO B BHJIE:

B,=[l+1/2,m+1/2,n] . (14)

Bexkrop B OyIeT UMeTh TaKue K& KOMITOHEHTHI, KO-
TOpBIE MEePECTABICHBI MECTAMU U MOTYT UMETh IIPO-
THBOIIOJIOKHBIN 3HaK. PemnreTka coBmajcHUM, e€CIH
ucxonnas pemetka — I'IIK, umeer B o6mem ciy-
yae Take MOHOKJIHHHYIO CTPYKTypy. Omimmune Oy-
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Tadnauua 1. XapakTepuCTHKH yIJIa TOBOPOTA U SYCHKH PEIISTKH COBIAAAONINX Y3JIOB TETParoHAIBHOM
1 KyOM4ecKor CTPYKTYP.

[Table 1. Characteristics of the lattice cell of matching nodes and the angle of rotation of tetragonal and cubic

structures]
B, | B [plp[ P | B | A | € Jef?=
TerparonansHas crpykrypa [Tetragonal structure]
[814] [184] 1o [447] [110] (447] [814] 90° | 6561
[296] [926] 110 [667] [110] [667] [296] 90° | 14641
[9812] [8912] 10 [12121] [110] [12121] [9812] 90° | 83521
Kyb6uueckast ctpykrypa [Cubic structure]

[122] [212] 10 [221] [110] [221] [122] 90 81
[632] [326] 110 [263] [358] [263] [632] 90 | 2401
[12 4 3] [431] 1[0 [312 4] [8715] [312 4] [12 4 3] 90 | 28561

Tabnnna 2. XapakTepuCTUKH yIJa MOBOPOTA U SYEHKH PEIIeTKH COBMNAJANONINX y3I0B MOHOKJIMHHOMN
u opropoMbOuueckoil cTpykryp minst OLIK perrerxw.

[Table 2. Characteristics of the lattice cell of matching nodes and the angle of rotation of monoclinic and
orthorhombic structures for bece lattice]

B, | B nfp| ®» | B[ A | € | e |=
MomnoknuHHas cTpykTypa [Monoclinic structure]
111 111 1|2 [o11] [011] [035] [253] 142.14° | 19
1222 1222
131 3ILE b [114] [221] [552] [1110] | 7846° | 135
1222 1222
(337 [313] = - - - 0
= ——= 11 [233] [011] [215] [8211] 101.72° | 253
1222] 1222
Opropombuueckast ctpykrypa [Orthorhombic structure]
131 311 1o [114] [221] [114] 5132] 50.48° | 99
1222] [222]
(337 [313] == - = = o
331 313 110 [233] [011] [233] [12157] 99.08° | 209
1222] 1222
[151] [511] == = === — o
—== —— 110 [3213] [230] [3213] [116813] 92.12° | 2457
1222 1222
JIET 3aKJII0YaThCsL JIULIb B BUE BEKTOPOB, 00pasyro- . 315
- 31 ngem C=|11——|. YcnoBus u MeTouKa Ompeaese-
mux ee. BospMeM U1 npuMepa BeKTop B, = 550 , 22

- 31 -
a BEKTOpB = [0%5} OmnpenenseM BUA BekTopa A:

- |3 1 3 1 9 1
A= Epz—zppzpl—apz,zpl+5p2 .Ecmi B3sTH

p, = p, =1, 10 BEekTOp A= [517]. 3nas AuB, ompeze-
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HUSI OPTOPOMONYECKON CTPYKTYPbI pEILIETKH COBIIaie-
HUM TaKue 5Ke, YTO U B CIIy4ae MPUMUTHBHON PEIETKH,
MO3TOMY MOKHO OIYCTHTh MX onucaHue. [Ipusenem
HIDKE Ta0I. 3 IpUMEPOB TSI MOHOKIMHHONW M OPTO-
pOMOMYECKOW CTPYKTYp PELIETKH COBMAACHUI B CIIy-
yae I'IIK pemeTku HCXOIHOTO KpUCTAILIA.
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Tadnuua 3. XapakTepuCTHKH yIJIa TTOBOPOTA U STUCHKH PEIICTKH COBIAJAONINX y3JI0B MOHOKIMHHOMN
u opropombmueckoii cTpykryp mnst ['LIK pemeTku.

[Table 3. Characteristics of the lattice cell of matching nodes and the angle of rotation of monoclinic and
orthorhombic structures for fcc lattice]

B, | B ajp| P | R[] A | € [ e [
MoHoxmHHas cTpykTypa [Monoclinic structure]
[ 11] 1 1] - 1.1
0=~ 1,1 11 [1i1] [110] [311] 1,1 146.44 | 18
L 22] 12 2] 22
(13 ] [ 13] _ 217
——0 0—— 1]1 243 7115 - 94.10 | 1274
22" 932 [931] [243] [ ] [14 > 2}
[ 33] (33 ] - - 3 1
0>= 33, 1|1 [i11] 3,3 [531] 11, 126.22 | 5346
L 22] 122 ] 575 22
OpropomOndecKast CTpyKTypa [o;thorhombic structure]
[ 13] 13 ] _ -_ __ 31
0> —-=0 110 931 123 931 ==15 107.46 | 910
053] 23] [931] [123] [931] 03
_Olé_ _EIO_ 110 [151] [505] [151] 1513 92.20 | 702
L 22] 22 ] 22
[ 35] (3 3] 25 _15
0=—— 302 10 [553] [330] [553] [—17—} 137.33 | 2006
L 22] 2 22
3AK/IIOYEHUME T. 20, Ne 1, ¢. 50-55. DOI: https://doi.org/10.17308/

B 3axuroueHun copMyupyeM OCHOBHEIE PE3YITb-
Tarbl paboTel. HaiiieHb! ycroBus MOMyYeHUs pEIeTOK
COBIAJCHUS PA3IUYHBIX CHHITOHUN B IPUMUTHUBHBIX,
'K u OLIK xybmdeckux kpucramiax. [Ipemcrapie-
HBI TAOJIHIIBI JUTS PEIISTOK COBIAACHHUS C TapaMeTpa-
MU STYEIKH, UMEIOIIMX Manble uHAeKchl. Hamuuue pasz-
HBIX CUHTOHUN PEIICTOK COBIAJCHUS MPEANOIaraeT
CyILIECTBOBAHUE 3JIEMEHTOB CHMMETPHUU JIJIsl PELLIETOK
COBMA/IEHUI, HE ABISIONINXCS IEMEHTAMH CUMMET-
pUU 7151 KOHTAaKTUPYIOLUX KpucTamioB. KonnuectBo
TAKUX JIEMEHTOB CUMMETPHUH ONIPEAETSAETCS IPyHIOn
CHMMETPHUH PEIIETKU coBmaieHus. [loaTromy mosBisi-
€TCsI BO3MOKHOCTBD [TOJTyYEHHUSI ITOJIMKPUCTAIUTNYECKUX
CTPYKTYpP, UMEIOIIHNX pPa3HbIC YIIbI Pa30pUCHTAINH
KPUCTAIUTUTOB Ha 0a3e 00IIel peleTKH COBIaICHNS.
B Takux MOTMKPUCTAIIMIECKUX CTPYKTypax OymyT
OTCYTCTBOBaTh MEXaHUUECKUE HAMPSIKEHUS, CBSI3aH-
HbIE C HAIMYUEM AUCKIUHALMM, BBI3BAHHBIX HECOOT-
BETCTBHEM OPUCHTAIUNA KOHTAKTUPYIOIMIUX KPUCTAI-
JIUTOB C OTPAaHKOM Ka)KJOr0 KPUCTAIIUTA CHELHAIb-
HBIMH TPaHUIIAMU, U, KaK CICICTBUE, OHU OYyIyT UMETh
OTHOCHUTEIIFHO BBICOKYIO CTa0MIIBHOCTb.
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Abstract. The object of this study is polycrystalline materials containing intercrystalline boundaries
in face centered cubic and body centered cubic crystals. A wide variety of geometric characteristics
that determine the atomic structure and physical properties of intercrystalline boundaries, gives rise
to the expediency of systematization of the entire set of possible boundaries. The intercrystalline
boundaries obtained on the basis of the coincidence of nodes are an important family of defects in
polycrystals, so these defects are given a lot of research, but currently there is no complete
systematization. The construction of such systematization was the purpose of this paper.

The basis of classification is the coordination polyhedron of the face centered cubic and body centered
cubic lattice. As parameters defining the geometry of the lattice matching of the nodes of the selected
pair of vectors and the lattice vector that defines the axis of rotation was used. Using algebraic methods
used in studies of solid rotation, formulas are obtained for the crystallographic plane in which all
possible axes of turns and vectors of the lattice cell of matching nodes should lie. As a result, it was
shown that the coincidence lattices of general form belong to monoclinic crystal structure. In particular
cases they may belong to cubic crystal structure. It is shown that such lattices of coinciding nodes
are possible, which are obtained at different parameters of rotation, so polycrystals on the basis of
the common lattice of coincidences are possible. The tables for face centered cubic and body centered
cubic crystals is constructed in which the data are systematized for the vectors of the cell of the lattice
of coincidences, rotation angles, the number of atoms in the cell at different initial characteristics of
rotation.

Keywords: lattice matching of the nodes of the crystal, disordering, interfaces, structure.
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